Abstract -This paper describes sources of lead in the hydrosphere, the global and regional distribution of lead in continental and ocean waters, its occurrence in waste discharges as well as the chronological concentration profiles of lead in polar ice sheets, continental glacier, and aquatic Sediments, The recent United States recommendation for the maximum permissible amount of lead in drinking water is mentioned,
INTRODUCTION
Lead was among the first of metals to be used by man in antiquity because of its easy isolation and low melting point. It is an element with no known beneficial function in human metabolism and has been known since the Roman times to be toxic; but, in spite of its recognition as a poison, it is so widely used in modern technology that it continues to be an environmental concern, Because of the adverse effect of lead aerosols, the air quality criteria for lead have been examined by government agencies (Ref, 1) , However, little is known about lead in the aquatic environment, The purpese of this paper is to summarize our current knowledge of lead in the hydrosphere, The environmental pathways of lead are illustrated in Fig, 1 ,
SOURCES OF AQUATIC LEAD

Natural source
The only natural source of lead in waters is the earth 1 s crust containing an average of 15 p.p,m. of lead 1 with which water comes in contact, Lead content of continental water during pre-historic times can be estimated as follows: the total flow of river water into the oceans is about 3,7 x 1016 liter per year 1 and lead compounds have entered the oceans over the last few hundred thousand years at an averagerate of 1,7 x 1010 gram per year; therefore, the global average of natural lead level in surface water was about 0,5 pg/L, However 1 this natural lead level may vary greatly with locations, depending on the geochemistry of the drainage basins, Anthropogenie source High concentrations of lead in continental surface waters usually occur near sources of contamination due to human activities, Industrial discharge 1 fallout, washeut and runoff are apparently the major contributors of lead to lake and river waters. Patterson (2) estimated that the'lead content of surface fresh water increased from a pre-historic level of 0,5 pg/L to 5 pg/L in modern times, Livingstone (3) stated that the present lead content of lake and river waters on a world-wide basis is 1 to 10 pg/L, The use of lead in human activities has significantly altered the natural distribution of lead in the aquatic environment, In 1975 the world production of primary ore lead was 3,9 million metric tons, The u.s. consumption of lead was 1,2 million metric tons, of which 0,19 million tons were used in manufacturing automotive antikneck additives (Ref, 1) , Since the advent of lead alkyl additives in 1920 1 s 1 a cumulative amount of more than 6,5 million tons of lead have been consumed as additives in the U,S, alone as shown in Fig, 2 . This is the largest single contributor to aquatic lead pollution, The use of lead additives reached a peak in the early 1970 1 s, As a result of legislative action in the U,S, with respect to the maximum permissible content of lead in gasoline, the production and use of lead additives has decreased in recent years and should continue to do so, Health effect Although acute lead poisoning due to drinking water is rare, ehrenie lead toxicity occurs even with low daily intake because of its accumulation in bone and tissue. There is a correlation between water lead content and the quantity of lead piping in the Glasgow water supply system and, in addition, that as this water lead concentration rase, so did the blood lead concentration of people resident in these areas (Ref. 15) . Results of studies in the Boston area indicated that increase lead levels of blood occur in children when the water supply contains 50 to 100 ~g/1 of lead.
In a recent study entitled 1 Drinking Water and Health 1 conducted by the u.s. National
Academy of Seiences (16) Water purification Dr1nking waters are not specifically treated for removing lead, since the lead content of raw water supplies is seldom over the 50 ~g/1 limit and the ordinary water treatment process has little effect an lead. Naylor and Dague (17) carried out laboratory experiments and evaluated the effectiveness of lime coagulation, lime, and lime-soda ash softening in the removal of lead from drinking water. The system effecting the most complete removal lead is the solid-contact softening process. Virtually all lead is removed from solutions containing an initial lead concentration of 2,000 ~g/1 at contact solids concentrations of 1 percent and greater.
Coagulation and flocculation in water reduce the lead concentration to less than 50 ~g/1 in the pH range of 7.7 to B.B. Because the coagulation and flocculation process is usually operated at a pH of about 7, the maximum leadremoval will not be obtained.
RAIN WATER
1arge quantities of lead aerosols are continuously emitted into the atmosphere. Therefore, rain water may contain an appreciable amount of lead as a result of airborne lead being washed out in the precipitation process.
In the u. These high lead concentrations of roadside snow were caused by the combustion of leaded gasoline and decreased with increasing distance from the source of pollution.
SURFACE AND GROUND WATERS
Voluminous quantities of publications on the concentration of lead in river, lake, and ground waters for some regions and the lack of information for others makes it impractical to compile comparative literature. The lead concentration of selected natural surface and ground waters summarized in Table 1 is intended to be a reference source; for the detailed interpretation of those values, the original publications should be consulted. It should be cautioned that the validity of the earlier results is not easily assured because the analytical techniques then in use might not be sensitive enough to determine lead in the mieregram or submieregram per liter range.
In discussing the occurrence of lead in u.s. surface waters, Fleischer (32) estimated that more than 90 percent of the lead discharged into the rivers and lakes is attributed to man-made sources, The lead concentration of water bodies varies daily, seasonally and yearly as well as with water depths. The rate and volume of river flow also influence the lead concentration of its water.
High concentrations of lead in surface waters usually ~ccur near sources of contamination. Industrial discharges, rainfall and runoff are apparently the major contributors of lead in river and lake waters. The content of lead in rivers, which flow through populated regions, increases as runoff from precipitation rises. Lead concentrations are lower in water samples collected at remote sites than in samples from rivers below metropolitan and industrial locations. For example, lead contents as high as 120 pg/L were occasionally observed in Frazer River waters below Vancouver as compared with a lead concentration range of 1 to 8 pg/L at the upstreams of the river (Ref. 41) .
Indications are that all continental surface waters show a varying degree of lead contamination. From the available data, it seems that the global mean of lead content for rivers and lakes lies between 1 and 10 pg/L.
Ground waters usually contain a higher lead concentration than the natural surface water. The chemical composition and temperature of the ground water as well as the lead content of surrounding rocks affect the lead content of ground water. The penetration of sulfide deposits by aerated ground water can cause local anomolies of lead in runoff; thus, the streams and springs in those regions may contain higher amounts of lead. For instance, some well waters situated near lead ore deposits in Harz Mountain, Germany contained as high as 3,400 pg/L of lead (Ref. 43 ). Lead in industrial waste waters can be removed by chemical precipitation, activated carbon adsorption, electrodeposition, solvent extraction, Ultrafiltration, and ion exchange, Three papers on the removal of heavy metals from waste water and sludges will be presented later at this symposium,
OCEAN WATERS
It should be stated that much of the present knowledge concerning lead in ocean waters is tentative and that additional research is needed in order to understand the importance of lead in marine waters,
The lead concentration of sea water is extremely low. 
LEAD IN SEDIMENTS
Lead concentration profiles in sediment cores from inland lakes and marine waters can be used to evaluate the rate and extent of lead accumulation resulting from human activities. Using the records of lead concentration in sedimentary varves, the natural and anthropogenic lead influx to the southern California coastal waters over the past century were determined (Ref. 
REGULATING FACTCRS
At present, solubility considerationsalone da not satisfactorily explain observed lead concentrations in natural waters, The adsorption of lead from aqueous solutions an clay minerals and other inorganics may play an important role in affecting the concentration of lead in natural waters, However, organic substances, both dissolved and suspended, are perhaps more important than the inorganics in complexing with lead,
